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(57) Abstract : 

PURPOSE: To simplify constitution in a reference power source 
circuit and to reduce its cost and to miniaturize its mounting, in 
the reference power source circuit used for a liquid crystal 
display device (LCD) adapted to a multi-level display. 
CONSTITUTION: This circuit is provided with a resistance string 
where plural resistors R1A-R3A are connected in series, a constant 
current source IG connected to one end of the resistance string, a 
staircase voltage generation source DA connected to the other end 
of the resistance string and plural operational amplifiers 
0P1A-0P4A generating reference voltages V1A-V4A respectively in 
response to potential on the connection points of respective 
resistors R1A-R3A of the resistance string, and this circuit is 
constituted so that the reference voltage is made based on a fixed 
reference voltage prescribed by a constant current IB supplied 
from the constant current source IG for high-order bit group in 
image data, and is made by adding a staircase voltage VW to the 
fixed reference voltage for low-order bit group. 
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[000 1] 

[SSUl<0fflffl#»] ^B^^S ( LC 

mmfi>mt,z3mthc\ktf^nztix\i&. %(?>tztb. 

Ji^h^^^^ (TFT; Thin Film Transistor) £ 
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[0 00 2] 

[f£fc<7)81f] TFT^V^LCDttl TFT^X 

20 ^ vfy/s^t LTfflv\ H*«^ B B B w*tc^m-r 

ZTFTZftLXmrnT-fm^cOizZZlZitMLfcT 

^zft? . m9 izmM&co—mt ltolc Yxnmm? 
*kzti. mio i,zi±%cD&&<7)ffif&tf^i\&. 
[0003] m^comx'it. m^mmmmt lxtj¥ 

9)V Yv^ ^'^SrfflV^T F TILCD 

Sit, IMH8<0fS#-fb«0^i6^aS^Sr 4X4 L 

T^tTfe^. H^Ji6 4 0x4 80gjg 

30 (R) , » (G) fcilfW ( B ) «>»|fc:H*£*o«MI 
*>'fci»<7)-C, $/otc3^c7)B^iS:Sr^i:-rs. 
[0004] 1 0(4^8^*^ «r 

^L. -ecO+OPl l~P4 4* J M*tl^r.|.*''h«0^ 
^m(4^LTV^. «-B^Pl 1-P44I1 1211 2 

y-h^-f yvi~Y4<D3icJI£B£Kt££i"U *t^4 

9 (TFT) fc, ^-f--STFTS:^LTfE^$iX^ffl 
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50 h s ^ff-as LT rtgST'^-T h £ i: ^'^Jigrfe 
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[0006] 40 AJ4LC S£W£fflffl-t&fflffl®8&£ 

Tk^-mmm^H s . mmmmm^vst5xx/9t3 

~/9C L KlZ&g tTB^T-^ D 1 — D Nct)S# 

<7mm.cr>wm3± v i -v m * ^-r-s^PttMiass^ 

ijrT. 2 OAtiT-'-^H^-f^'Sr^L. j^bl^'X? 
211:. hcO^i^fir-J^t'J 6 1—6 

4h. Rt<Nb*-y YcD®mZ*:ix?tv£-?&X*zV 7 
1—74(4. f3-^'8 1 — 8 4 -felx7?9 1— 9 
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[00 07] y t —9V^^^2 0Ai l Zt3^X. y7hl/ 
S/X^ 2 1«, 15^ >-fttc:^Jffll|l]8§4 0 A3^et&§ 
*i4x^-h^Tlti"5BffS:H!*&U Rfc<IWW 
0S54 0 Aa>£>ffi&§;h.& 7 a -y 7 C K 1 X O^iiL 
X94 Sy/lltTS 1— TS4£±j£-f6. «>J6 
1-6411 M»|Hl»4 0AS:aLr(R»Sfl4«iKffl 
-jot-^dt i— DTNSr-Hvpix:?^ 5 y^fi^TS 
1 -TS 4 Klc?g LTflX 9 &tf (oi>)f-^«t*a 
») . **:>J 7 1—7 414. ^t'J6 1- 6 4tC 

*ffift:BtX*U6 l~6 4rt^7 f -*£ffl*PEIB4 OA 

. 1-84J4. ^«u»*'J 

7 l-7 4t»|Sftfcf< If 9 A" X— ^tf3-P 

-teW*9 l~94(i. fimth 7*3-^8 1 — 

8 4«f3- HtSjfttUfi-^* . *^B^081 5 0 A*»4> 
HiflSJl&aaa^WWMtfFV l-VM«^ffl4* 
a«ffl*t*. oi9-feU?*9 1-94J4. 7 
1-7 4£¥R3*u£<r <r V9)V ■ -T-flZttlfcLtlT 

+uym^*mL^&tzfr<7)~WD : T 4 i?9>v ■ T~r 
=e u 7 1 — 7 4 izwmztifc n t* >/ h^f-^ t <nm\% 

14. x-?#2i»ffcC0*§3\ M=2 N T*$ilS. Mi. 
{£N=3<D*&£(4M = 8. N = 4^)*&«:M=16fc4 

[0008] 30«y-hH5^^Sr*L, x7M/y 
X^31t, #y-N9-fyYl— Y4C«l5LTRtt 
<J>fxrt: H7-f^D V 1— DV4fc*^fi§/££;ft.-C^&. 
^7M^X*3 U4. Mffli]K4 0A«>&ftttS*l& 
x?-Mi^T3l;:J:9iaf££|?i§jt&L. Rt<Mfll|llH 
4 0 A*»4>ftte$ ill. 7 a -y 9 C K 2 «t 9*iftLT?g 
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A/'feM'l OCOl >^W>TFT*raW"Sfc«>^HS 

S#-VSi:HUg»l£*U ^o>y^CK2(i7lc^|s]^ 
m^HShPIt^$-W-f-S. ^7^^V1-DV4 
(4. x7M/y'X^3 l^ffl^^TFTtfJjrvfcjf^ 

4y-h?4 5'Yl~Y4fcai;JJ'*-*2fiai*®»i: L 
T^tg-rS. ^CioT, T-^Oi/X^ -yf-T**T 
FT«>y-h«EE*MttL-c;vr y • *v 
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it* ttvmvm o tnhiza^ m 9 raws Lfc 

tf. 01 0£7)«fgT(±t*-y hfb&M (DO— D3) . « 
fhfie7&»'16 ( V 1-V 1 6 ) flf-* K?-f Lfc 

St(C6 4 0X4 80l3ll*)7A'*5-&«atS 
fc«>*c«. #fe<?>^i:-rSPgif^ii6 4i:^0T^o 
^X-f ^^mieAmUMt^*), Um. 64X3X 
64 0=1 2 2 88 0m<r>T-ta9'X-4 -yf^^tt 

feCHfiBftSllKW^i^^^U 6 1—64. ^t'J7 

1 — 74. 7^3-^8 1—8 4WcO-T4z;9JU\3lB&<0& 

[00 11] :»ioic. flaWDLCD-Cli-?— ^ 

4 ^mmnmxizftonxnffim&tfh^ti. 

{401 ltc^^n^.. *Jt. 01 2W4-?-tfO^O«Bg 

$^,^iai 3tc(4x-^v>r^±o«jE^ 

50 0gf-#tft6^^-f 
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[00 12] £^f01 lSrtHfWifc. -r-*K9-fA 
2 0B£&lrvr % y7M/yX^2 1li. 1^4 >mz 
M#P08&4 0 B^flfc&3f"l6X?-hff-f-T 1 £<fc 0 
iMfr&m&U |ilt<*Jl»[5lS&4 0B7&^^$a^^ 
n /^CKl^J; 9#mi/t*-f $>/l#TS 1-T 
S4££j£-T6. ^t'J 6 1— 64(i. Sfl^fl[IISS4 0 B 
£mLXmteZtl& 1 5^ y#«Nh'7 h<DW«7-'-? 
DTl—DTNSr^-e'ix^^ 5 yftS^T S 1-TS 

hS¥D T Q—D T N t Tfi b' y M¥D T 1 — D T P kZft 
lft>tlXWZ&£tl&. ^'J7 1-74tt, 

6 1— 6 4fcr— ?ft<flF&&&fL£$L d&y?4 
yco^-fmtm-t&mlzm**:^ 6 l ~6 4 rtcox- 

^Sr$(JfflltHlS&4 0 B*»fecO^^ 5V^fl^-T2(zjC^L 
TKO&tf. T3-/8 1A-8 4AIJ, -eti-e^^ 
U 7 1 ~7 4£««£*U:±<£b'>y Mf(7)f^DTQ 

K^S . JJCWt-fel^ * 9 1—94 
{±, Mf5-f^-r3-^8 1 A— 8 4A«0x3-H|Sm^ 

A-Y >yf Sl~S45r^L-t *tL j etittft2t& 

A >-Xl~X4lc:aj*$ixS. dcoi^K ^«j®IhISS5 

OBj!>>£>fS££*l-S>g*P«JEVl A-V4A (HI 2# 

m ) {itt^rs. 9 , £ comssmffi-c^-x - * 9 -r >- 

=6r*5, #JM v*-S 1-S4li#f 
— ^^-f yWZ&itbtUZ 1 b*-y hCO^UB 1~B4 

lei 0 -e^WMffllSfu U Bl-B4lil 

9>r >mffi<n&mzfflffl®g&4 0 B*^ft*&$^^» 

5>-^(t-^T4^<t»)^ixm-fevb$ix, Z.tUz£r> 
X&X4 yf-S l~S4ii^">'i:$ixS. ClCliWl 
fNBSRtt. «3*Lfcft#W (09. Hi 0#KQ bfflt 

xh*). hi 3c^-fB#^t 1 ixcommzfuj^Lx^ 

[00 1 3] HI 1—01 3<T>mX'ii. zcom&t ua 
Rfc. IS 2 ^ * 'J 7 1 - 7 4 ^Tfit* y h 

fif<7)f-^DT 1 -DTP$:ffifflUf-^7^ 

#>t. ^p«}®iiiS5 0Brt^^y^5 1 tf< *J9 

)V/T1-u>f (D/A) ^0JE85 2^«ix. 

5 1£;M S!x^fl^T2T':?yTLT7t7-y:?CK3 

fc J 1 ) $^{cD/A^0^5 2^jl-rCi: 

mw±v R 1 ~VR4 fcflag LT#-r- ^ 5 >"^S*a} 

[00 14] m2^^r';7 l~7 4fi<0T&b'y M¥ 
c7)r-^DTl— DTPfi. ^ixm^-r&it^HIJffi 
C l~C4tA:ft£*U **7Wi llzftj} tHMZix 

z. cr,it^mzm^^m^-snL^. -^ce-^ 
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tioTSE^^r'JtiU-b-y ZCO&f. y 

®mzffi$i5tlfzWMt l Zj; 0TFT^ilLT^ B B H ^*^. 
<50^m*^T^as .1 i: . ZcoXo IZLX&7-? 

10 O^SH^cOiffiiS^SrSimh Ltz^Mt co^WtmizJ: *) 

if^mzm^tih^x-hh. zcoma. 10. 4^ 

v^crMMi'^iVX' 6 4 0X48 OB^co^-^-. 100 

j^T-cfto . wMc?>i&Mizj:z>mmcr)$zmmm±.i±ffl 
tft£j! Lxmzm&mzis* x-ftm.tfftbtix 

tiWffilz J: *) yEM-ttim v CX'foh. 
[00 15] 012{i. f3-^8 1A, »«smfi 
20 50B, 1 ~9 4 tJil/^^^H 0c7)g5 

aapWEV 1 A-V4Ai:#-fel/^^9 1-94^4 
flicor^-o^x-Y >yf-fc£J;9 1 6ffliOPg|ig^^-ti-^. 

9. hi o#b§) £<o hjzm%®&mmtf^mx'foz> 

ZbtfftfrZ. mz. f3-/8 1 Acof»££[2l oco 
f3-/8 lco«fi£tittS5LT^-&i:. **>H!Wfc>afc» 

[U8S5 0B^±#^PJ$:fflorv^„ ^OPISS 

30 5 o b ti , bu3* t <fc o izmfenmmn&mv r i 

[ 0 0 1 6 ] m 1 4 LTOS^milS 

- V A 1 - R 5 fc <t 0 LX 4 

ttJEE-VRl- — ;»tS?:^ry 

ropn-opi 4(ci0te-f >v-y>xi\LLtz 

D/ASaWlI»DA3&»fe3!-^TyrOPASrjiL"C 
40 m^J^ixSPgS^miE-VWS:. f<7yrOP2 1 — 
OP 2 4fcSSig|R6 1-R64. R7 1~R74i^i 
XSR& l~R8 4 2rfflV>'Cjn»-r.S»Ci:fcJ: Hi 2 
O^PBl!§IlI^5 0B^ffi||g$r^LTl^. d>IT\ 
#®*ttlR 6 1 ~R 6 4 , R7 l~R74t5j:y r R8 1 
-R 8 4 Jill— Offifiiffli:-ri»«0* < -iKWCfe&. S 
5j-'<Ty7 0 OPAi:-?-ix^|.etn;IIRAi5j;tXR 

1 A—V4 A*<iE<0«JEi: i o lz-? &tz»b<?>W£Bi 

50 [ 0 0 1 7 ] HI 5 (i(i(s!*^Ofi!l^^Ifc LT<7)^6m 



(5) 

7 

>r O P 2 1 — O P 2 4 i: ffiitUR 6 1 ~R 6 4 *3 
£im7 1— R7 4 2rfflV^T^PflJEVRl— VR4i: 
B&&«ffi VWCDflng T V v& £ fc ■& . 
£0^ryTOP2 1 ~0 P 2 4(i, ±i2miEflpff<7)*s 

^ryro P21-OP24 <of itftte. 8 l a io 

— R8 4AtJft!n;SiR9 l~R94tzJ: 
COO 1 8] 

Ot\ »4L<=fl:^. 20 
[0019] *fHJfcOB«U\ *»*»*fl!*BE*e*5W'& 

CD) £&bvC£$romK<affi£&ffi3HI:U tMvc 

[0020] 

»R 1 A~R 3 AjWfi5d(C«tt§*lrt:iSfiU h U ^ 

fc » mmK*. h v yyco—mzffi&zKttWfom i c 

&<zmmnKv i a~v4 A^ft-mf&t-r 
^7^rop i a— 0P4AfcSr : ft{iL. sw^r 

vwj «WEHJg*>asii*ff»clilJM-*«r fclci Of&ftS 

«§ix£. 50 
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[0021 ]4fc. *¥tW<7)tt><7)&mi,zMf. 03cr> 

•yhSfc*tiELfc«ffi£ai8?U tSM&r-^Tftb' 
•y bS^LTliliTE^WliHraBB^aePBEEKBK 

A^Tffib' y h»fc:*fjCLfc*BE*aifRU K8!«U/S 
wr, fflSWSSinSiR 1 B~R3 BjWBtflfcSBRSftrt: 

sat* h u . p s b s^«jE^iiSD a t . mmiK 

r a tsneiBHa«Effi*aR*»6«*§^4 bb&ske 

vw^jdsl^-s^ka i t . mmmx h v >?<?>fm 

«pi£EVR B(c«riQB8tttt£E£ JnJM- S#SA 2 

sev i b~v4 B*-eiX'€tL«*'*-4aaft<o^r>' 

TOP 1 B~OP4B£:£ft{iitU it^7y7A^l 
^$il€.#S^«ffi±. tulE««x-^^±{ib'-y bM 
izMLXltm 1 *J«t^203B|S«EEfc^6-^v^T#JftS 

[0022] 

ffi^ifci 0 lO^V^Offifii^R 1 A-R3A*fiM 
fcr«SHtLT-€-<o— Sifc^aSBI G^SNSLfioflSSife: 

jSKT^T^OP 1 A— OP4 A£&ttLTfrf 

[0023] «.3f^r>^rOP 1 A-OP4AKJ|£ 
**. C^KMLT02tc#^«ffiOB$SW ; 5r 
V4 A=VW 

V3A=R3AX I B+VW 

V2A= (R3A+R2A) XI B+VW 

VI A= (R3AIR2AIR1A) XIBIVW 

4^. 03tOffi^C e ta{f. i^t-rSEI^COSSi«E 

^ScJ: 0 1 o^$rir*tf>ififii;»R 1 B-R3 B&it^Jtc 

if « LT -5-^M^JPmia]88 A 1 , A 2 ZZHZ'ti&Wi 

U #^<0jnJWlI»tH4ftilfc:i««i.4BBaW£EI6 
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a, vRB*<A*$fL. zhxmi cornet mmiz*^ 
rvrop i B~oP4B€rfflv^®^ >tr— yy^ 

cn&mtmm. ^^mfm^xsmb-t^mm^mm 

■t&ZtWX'ZZ. 

[0024] Z(?)iir&<7)&MmW±V 1 A~V4A{if 
V4 B=VRB + VW 

V3B=VRB+VW+R3BX (VRA-VRB)/ 
(Rl B+R2B+R3B) 

V2B=VRA + VW-R1 BX (VRA-VRB) / 
(Rl B+R2B+R3B) 
VI B=VRA+VW 

[00 25] 

i commmmzMmtz t,«-cib4. a i tconmza 
^x. iGnzfcmmmiGtztt&L. DAumm& 
mE3S£iigDAK*riDL-o^. 5mm.miGn*. m 
mmmvpt . ^ i/^^^^ryro p i a^^r$s 

RP l k. W.b?>i>X?<DX.=i v9bW!mMVP<F> 

mzmm^ixtzmm^. p 2 k . s^miisv pth^y 

^-KZDk#^ffj££*rO^. — Pgf&i&ttEE 

d 0 £ r^uymmz^m-h d/a^eis&d a c 
k, mD/A^mmmniiifiizim't&xji'T-i;?* 
□vt LTc^t^ryroPAka^ff&^fuc^. 

mmx'foz><r)X'%<r>wmtmm-h . 

[00 26] CCO^-Cti, JSBciU B{± (VZ-VB 
E) /RP2tJ: 9£jg3ft&. fctfU VZ^y.*-?- 
*W3j— FZDtf>SSSIf£E*ffi, VBEIib^yy'a^Q 

m2<7)mmmt tx^mmm^com^^tih. 
*mmwi>mi<?)imffimzttm-t&i><r>x'$>&. 
vm 1 cnmmmt <mm£j& . ^t^^s^sc^iHB 

EE?) ? ^ffittEHfcrjgflStX I G 2 L , i^UEEOB 
izm^MS. k PtS^«JBE5- 0KDA2 L 
fcifcT**. 5£«8£®IG2{i. ^SimiSVDi:. IS 

mzmmizim&z.jjVmwmmzirtzx^Tyy'o p c 
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